P atients with diabetes mellitus have substantially higher cardiovascular mortality rates than the general population, even after adjustment for confounding factors. 1 Coronary angiographic studies have demonstrated higher incidences of multivessel and left mainstem disease in diabetics 2 as well as more distal disease with a higher plaque burden, smaller vessel reference diameter, and poorer collateral formation. [2] [3] [4] Such propensity for coronary disease may be related to an underlying atherosclerosis-prone state involving such factors as endothelial dysfunction, dyslipidemia, hyperglycemia, insulin resistance, and the presence of advanced glycosylation end products. 5, 6 The increasing incidence of diabetes (reaching epidemic proportions) has important implications for the treatment of coronary artery disease in this patient subset.
Diabetes has been shown to be a predictor of poor outcomes in all modes of coronary revascularization, and therefore the optimal treatment strategy for these patients remains unclear. Randomized trials of percutaneous coronary intervention (PCI) versus CABG for multivessel disease in diabetics (BARI, EAST, ARTS) have consistently demonstrated a benefit for CABG in terms of symptomatic relief of angina, freedom from subsequent cardiac events, and absolute survival. [7] [8] [9] Factors influencing this observed benefit include the increased rates of occlusive-type restenosis 10 and of new lesion formation in diabetic patients 11 after PCI. Procedural success rates for single-vessel PCI have been demonstrated to be similar for diabetic and nondiabetic individuals, 12, 13 and currently available data suggest that stent deployment decreases restenosis and cardiac event rates in diabetic patients. [12] [13] [14] However, there are few data on the differences between those diabetics who have development of restenosis after stent deployment and those who do not; whether diabetics are at higher risk owing to longer lesions, smaller vessel caliber, and therefore higher restenosis rates or whether simply being diabetic adds a constant increment to restenosis risk to all patients is unclear.
The present study evaluates patients from 16 interventional trials through the use of multivariate analysis to determine clinical and angiographic factors that might be associated with diabetic in-stent restenosis.
Methods

Patient Population
All patients from 16 PCI studies including stent deployment were considered for analysis. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Of these studies, 3 were randomized trials of stent deployment versus balloon angioplasty (ADVANCE, BENESTENT I, BENESTENT II), 10 were registries of newer stent designs (BENESTENT II pilot, DUET, EASI, FINESS 2, MAGIC 5L, ROSE, SOPHOS, WEST 1, WELLSTENT), 2 assessed the efficacy of intravascular ultrasound-guided stent implantation (MUSIC, WEST 2), and 2 assessed the efficacy of novel oral treatments to prevent restenosis after PCI (EXCITE, TRAPIST) (see abbreviations and acronyms in Table 1 ).
Baseline characteristics of patients enrolled in these studies have already been published but are summarized in Table 2 . Body mass index (BMI) was calculated by dividing an individual's weight in kilograms by the height in meters squared. According to the World Health Organization classification, BMI between 18.5 and 24.9 was considered normal; between 25 and 30, overweight; and Ͼ30, obese. All clinical information was monitored and forwarded to the core laboratory (Cardialysis, Rotterdam, the Netherlands) and entered into the study databases. Studies were approved by institutional ethics committees, and written informed consent was obtained from all patients.
All patients who received intracoronary stents, underwent 6-month angiographic follow-up, and had complete clinical and angiographic data were included in the final analysis. Angiographic restenosis, defined as Ն50% diameter stenosis (DS) at the treated site, was determined for diabetic and nondiabetic cohorts within each of the included studies. Univariate analyses were performed with 37 clinical and angiographic factors to establish whether any were predictive of restenosis in the overall diabetic cohort; significant findings were then entered into a multivariate analysis to remove confounding factors.
Reference charts to predict 6-month in-stent restenosis were constructed, with reference diameter (RD) before the procedure and stented length after the procedure used as variables, as previously described. 31 On the basis of the available data, a statistical model was constructed to predict the probability of restenosis for given parameters. In general, the probability of restenosis increases continuously for smaller RD and longer stented lengths. To visually demonstrate this, ranges were defined to examine the data categorically rather than continuously. As an estimate of the probability of restenosis in each category, the midpoint of the intervals was used, on the assumption that within each interval, the probability of restenosis is constant. A reference chart with a probability for restenosis in each interval/range was thereby generated, providing probabilities rather than actual/measured rates in the input data set.
Angiographic Analysis
All procedural and follow-up angiograms were sent to the core laboratory (Cardialysis, Rotterdam, the Netherlands) and analyzed by the Cardiovascular Angiography Analysis System, which has previously been validated. For each patient, multiple matched angiographic views were obtained after intracoronary administration of nitrate. Patients with an unsuccessful procedure or without angiographic follow-up were excluded from the analysis. For patients who had undergone multilesion coronary angioplasty, the most severe restenotic lesion at follow-up was entered into the analysis. The minimal lumen diameter (MLD) and RD obtained by an interpolated method were determined on an end-diastolic frame.
The proportion of patients in the individual trials undergoing angiographic follow-up varied according to the trial-specific protocol. In the BENESTENT and SOPHOS studies, a subrandomization to clinical or angiographic follow-up was undertaken, and thus only 50% of patients in these studies received a follow-up angiogram. Additionally, as BENESTENT II was a study that randomly assigned patients to either balloon angioplasty or stent implantation; only those randomly assigned to the stent arm were included in our analysis.
Overall, the proportion of patients undergoing follow-up angiography in the study population was 75.4%. The percentage of diabetics within the study population undergoing angiographic follow-up was broadly comparable, at 81.0%.
Statistical Analysis
Statistical analysis was performed with the use of the SAS software package (SAS Institute, Cary, NC). Continuous variables were compared by means of Student's t test and the categoric variables by Fisher's exact test. We performed a logistic regression on the dependent variable Y, where Yϭ1 for diabetic patients with restenosis and Yϭ0 for patients without restenosis. As explanatory variables, we considered 37 clinical and angiographic variables. We executed a univariate logistic regression defined by the formula Log (P[Yϭ1]/(P[Yϭ0]))ϭAϩB*X, with X as the explanatory variable, A the intercept, and B the regression parameter. Preprocedural and postprocedural measures of vessel caliber were entered as continuous variables into the univariate logistic regression. The calculated odds ratios indicate how the risk for restenosis changed when the value of the exploratory variable changed. When the exploratory variable had no influence on restenosis, the odds ratio is 1. A value for the odds ratio Ͻ1 indicates risk reduction, whereas, in contrast, a value Ͼ1 indicates an increased risk. Multivariate logistic regression, defined by the formula Log (P[Yϭ1]/(P[Yϭ0]))ϭAϩB(1)*X(1)ϩ B(2)*X(2)ϩ. . .ϩB(n)*X(n) with X(1), . . . , X(n) as the explanatory variables, A the intercept, and B(1), . . . , B(n) the regression parameters, was then performed. With the stepwise procedure, a group of explanatory variables was selected that as a group were multivariately significant. A P value of Ͻ0.05 was considered significant.
Results
In the 16 studies analyzed, 3090 patients received intracoronary stents and completed planned 6-month follow-up angiography. The proportion of diabetics and individual restenosis rates for the included trials are summarized in Table 3 .
Of the overall population, 418 were diabetic, in whom a total of 467 lesions were treated by PCI. Restenosis, defined as Cumulative frequency curves for MLD and percent DS at 6-month follow-up angiography were similar for diabetic and nondiabetic patients (Figure 1) .
Reference charts to predict 6-month rates of in-stent restenosis were constructed with preprocedure RD and stented length after the procedure used as variables ( Figure  2 ). Diabetic patients, as expected, had an increased frequency of restenosis for all vessel RDs and stented lengths. When nondiabetic values were subtracted from diabetic predicted restenosis rates, a "subtraction" graph was constructed, removing the baseline effect of nondiabetic restenosis to investigate the effect of diabetes alone. The striking finding was that vessel RD rather than stented vessel length appeared to govern the increased rate of restenosis, with rates being constant across the range of RD (Figure 3 ). There was a standard 6% increase in predicted restenosis rate for all diabetics, with further increments of an additional 3% for vessel RD between 2.65 and 3 mm and a further 4% for RD Ͻ2.65 mm. This gives overall additional absolute restenosis rates over and above the risk for nondiabetic individuals of 6% for larger vessels, 9% for intermediate-sized vessels, and 13% for small vessels.
Discussion
Large studies of patients undergoing PCI with planned 6-month angiographic follow-up have identified the clinical and angiographic predictors of restenosis. 3 These studies have also demonstrated that angiographic restenosis is more frequent than clinically driven repeat target lesion revascularization. 32 Our analysis demonstrates that diabetic patients have development of in-stent restenosis significantly more frequently than nondiabetics 6 months after intervention. Our finding that 31.1% of diabetic patients have restenosis at 6 months concurs broadly with the studies of Van Belle et al, 14 in which restenosis in stented diabetics was 27% at 6 months, and that of Elezi et al, 13 in which the restenosis rate was 37.5%. Furthermore, the occurrence of in-stent restenosis in diabetics signifies a worse prognosis in terms of both cardiac morbidity and overall mortality. 10 Clinical outcomes were not specifically investigated in this study; given increased restenosis in diabetics compared with nondiabetics and the known correlation of restenosis with coronary events, it would be expected that diabetics should fare less well than their nondiabetic counterparts after intracoronary stenting in terms of event-free survival and death, as has been borne out in previous clinical studies. 12, 13 In this series of patients enrolled in 16 PCI studies, univariate predictors of in-stent restenosis in diabetics were smaller indexes of vessel caliber (RD before and after PCI, MLD before and after PCI), higher percent DS after stenting, greater stented length of vessel, and reduced BMI. By multivariate analysis, only smaller RD before the procedure, greater stented length of the vessel, and reduced BMI were predictors of restenosis in diabetics. Both vessel caliber and stent length are determinants of restenosis in nondiabetic patients also, but, hitherto, BMI has not been described as influencing restenosis. It is also interesting that lower BMI was associated with increased restenosis, although by World Health Organization criteria, both groups were, on average, overweight but not obese, and the absolute difference in BMI between the two groups was small (mean BMI without restenosis, 28.9; mean with restenosis, 27.9). It is interesting to speculate on the interpretation of such a result; whether the lower BMI in the restenosis group might reflect a smaller body habitus with consequent smaller coronary vessel caliber is unclear, as height was not recorded. Further studies might seek to elucidate the reason for this finding and explore the relation between BMI, vessel caliber, and restenosis risk.
Vessel caliber was a predictor of restenosis in this study; previous authors have described increased risk of restenosis for percutaneous intervention in small vessels, a risk that may not be offset by coronary stent placement in diabetics. 33 Our data suggest that vessel caliber is the principal determinant of in-stent restenosis in diabetic patients, with an escalating risk not affected by stented vessel length. This finding concurs with previous findings describing the lack of effect of stented vessel length on risk of restenosis, including after deployment of long (25 to 35 mm) stents. 34 Diabetes and its atherogenic vascular milieu are not the only factors that influence the risk of restenosis after vascular injury such as stent deployment; the risk of restenosis may also be dictated by the antidiabetic drugs used. Novel thiazolidinedione agents demonstrate greater inhibition of arterial smooth muscle cell proliferation than biguanides and sulfonylureas and have been shown in preliminary trials to be effective in preventing restenosis. 35 Because we do not have data on the split within our study population between dietcontrolled, insulin-dependent, or non-insulin-dependent diabetics and in the latter case on the type of oral antidiabetic therapy used, we are unable to comment on how these variables may have affected our findings.
Study Limitations
Although there was some standardization of clinical and angiographic data collection, only data common to all 16 study databases were included in the analysis. Furthermore, in these studies, diabetes was recorded as a binary (yes/no) variable, and therefore, we cannot accurately define whether these results apply strictly to insulin-dependent or noninsulin-dependent diabetes mellitus or to the mode of treatment used. In addition, exclusion criteria for PCI studies mean that this study population was carefully selected and probably at lower risk of restenosis than an unselected "everyday" PCI population. Finally, it should be noted that the different trials that make up this study population used different stent types, including both balloon-expandable and self-expanding designs. All stents used in these populations were bare-metal stents, and it is possible that these results may not be applicable to evolving practice, including in particular the use of drug-eluting stents.
Conclusions
Coronary in-stent restenosis after PCI occurs more frequently in diabetic individuals than in nondiabetics. Predictors of in-stent restenosis at 6 months after the procedure by multivariate analysis are vessel caliber, stented vessel length, and low BMI. The rate of restenosis calculated by constructed reference charts demonstrated that vessel RD was the principal determinant of restenosis, with rates of 6%, 9%, and 13% over nondiabetic restenosis rates for large-, medium-, and small-sized vessels, respectively. These data may help target resource allocation for costly drug-eluting stents to those diabetics who might have the most to gain. 
